The objective of the current study was to evaluate the effect of dietary fat type and level on broiler meat quality. A 2 × 3 factorial arrangement with 2 types of fat including neutralized sunflower soapstock (NSS) and soybean oil (SO) at 3 levels of fat inclusion (2, 4, and 6%) was used with 5 replicates per treatment using 750 one-day-old broiler chicks in a completely randomized design. At the end of the study (d 36), 10 broilers from each replication were processed at a commercial slaughtering facility. Six carcasses from each replicate were used for meat quality evaluation. With the exception of 3 responses [breast meat lightness (L*) at 1 and 2 d, and redness (a*) at 5 d], there were no interactions between fat source and level. Breast meat pH at 15 min was not significantly affected by the dietary treatments. However, breast meat pH at 24 h postmortem was decreased (P < 0.01) in broilers fed the NSS.
INTRODUCTION
In view of the increasing demand for nutrients and energy of fast-growing modern broilers, supplementation of broiler diets with different sources of fat that are concentrated sources of energy has become a common practice. In addition to their high-energy content, dietary fat supplementation considerably improves the digestibility of most of the other nutrients due to increased contact between nutrients and enzymes in the gut (Latshaw, 2008) . Vegetable oils are a widely used source of energy in broiler diets. However, most of the vegetable oils are mainly used for human consumption and also for biodiesel production. In this regard, interest is growing in using alternative fat sources in poultry nutrition rather than using crude oil sources, which would increase competition between biofuel industry and food and feedstuff markets.
Acidulated soapstock is a coproduct that is generated from the refining process of oils from various feedstocks (Davis et al., 2002) . It has been traditionally used by animal feed producers as an economical alternative to vegetable-based oils due to its relatively high polyunsaturated fatty acid and yellow pigment contents (King et al., 1998) . Pigmentation of both broiler meat and skin is one of the most important quality attributes and plays an important role in consumers' acceptance of the meat products (Fletcher, 1999) . Pardio et al. (2001) reported that 5.4% soybean soapstock can be fed to broilers without adversely affecting growth performance while also having beneficial effects on skin pigmentation. However, boiling with excess acid during the production of acidulated soapstock can destroy the pigments such as xanthophylls. For this reason, a milder treatment called neutralization of soapstock was developed to decrease the destruction of pigments in the soapstock (Menge and Beal, 1973) .
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MATERIALS AND METHODS

Birds, Diets, and Sampling
All procedures used in the study herein were approved by Istanbul University Animal Care and Use Committee. A total of seven hundred fifty 1-d-old straight-run broiler chicks (Ross 308) were obtained from a commercial hatchery. Neutralized sunflower soapstock (Prometa AS, Istanbul, Turkey) and SO (Mudurnu Tavukculuk, Mudurnu, Bolu, Turkey) were obtained from commercial suppliers. Chicks were weighed, wingbanded, and allocated to 5 pens (25 chicks per pen) per treatment so that their initial weights were similar across all treatments and were randomly assigned to 1 of 6 diets in a completely randomized design. The experiment consisted of a 2 × 3 factorial arrangement of treatments including 2 different fat types (SO and NSS) and 3 levels of fat inclusion (2, 4, or 6%). The birds were housed in an environmentally controlled room with 30 floor pens of 2 × 2 m for 35 d. Room temperature was initially 31°C and was gradually reduced to 21°C by 35 d. A commercial standard lighting regimen was employed (23L:1D, 1 to 7 d; 20L:4D, 8 to 28 d; 23L:1D, 29 to 35 d). Lighting regimen was provided by incandescent lights with intensities of 30 lx during 1 to 7 d, 15 lx during 8 to 28 d and 5 lx for the remaining period, respectively.
All chicks were provided ad libitum access to water and their assigned diets in mash form. Diets were offered in 2 feeding phases, starter from 0 to 21 d and grower from 22 to 35 d. The diets were formulated based on percentage of fat and to meet the suggested NRC requirements for broiler chicks from 0 to 6 wk (NRC, 1994) . Crude protein, Lys, and TSAA levels were increased as the ME level increased in the diet in an attempt to minimize the nutrient deprivation due to a possible decrease in feed intake. Diets were analyzed (Tubitak-Marmara Research Center, Gebze, Kocaeli, Turkey) for DM (AOAC International, 2005 ; method 925.10), CP (AOAC International, 2005 ; method 960.52), and ether extract (Thiex et al., 2003) to confirm nutrient composition. The iodine value, peroxide value, saponification value, and soap content of the SO and NSS was analyzed using the AOCS methods (AOCS, 1996) . The carbohydrate content of NSS and SO was analyzed using the method of Merrill and Watt (1973) . Chemical composition of the NSS and SO are shown in Table 1 . The ingredients and nutrient composition of the experimental diets are shown in Table 2 and  Table 3 .
Five male and 5 female broilers were randomly selected from each pen on d 35 for processing on d 36 (total of 50 birds per treatment). Feed was withdrawn from the birds at approximately 8 h before slaughter and they were transported to the processing facility using plastic crates. The birds were slaughtered at the Mudurnu Tavukculuk A. S. processing facility, located approximately 500 m away from the broiler house. Broilers were hung by their feet in steel shackles and were electrically stunned with 50 V (12 mA), 350 Hz of alternating current for 3 s, and then killed by cutting for 180 s using a rotary drum picker (model d-8, Stork Gamco), and mechanically eviscerated (model PNT-24, Stork Gamco) in an automated line system. At this stage, carcasses were removed from shackles before chilling to do the sample collection. After slaughter, breast (including bone and skin) and thigh (bone-in with skin) muscles were removed from the carcass. Within these carcasses, 6 carcasses (3 male and 3 female) from each replicate (n = 30 per treatment) were selected for evaluating the meat quality. After 15 min, postmortem pH measurements were done in the selected breast muscles. Then, breast and thigh samples were placed into polyethylene bags and transported to laboratory at 4°C in a cool box. At 24 h postmortem, the whole breasts were separated into right and left halves. The breasts from the left side of the carcass and left thighs were bagged individually according to treatment groups in plastic bags and stored at 4°C for 5 d in a refrigerator and used for the pH, color, and the lipid oxidation measurements. The breasts from the right side of the carcass were vacuum-packaged (model VM-18, Orved, Venezia, Italy) and frozen (−18°C) until cooking loss and shear force determinations could be done.
pH Measurement and Cooking Loss
Raw breast meat pH values were determined using a pH meter equipped with a penetrating probe and thermometer (model Testo 205; Testo Inc., Sparta, NJ) from the selected samples at 15 min and 24 h postmortem by inserting a pH probe 2.5 cm below the pectoralis muscle and 2.5 cm from the breast bone.
To determine cooking loss (%), frozen and vacuumbagged breast meat samples were thawed at 4°C overnight and then cooked in a water bath at 85°C until the internal temperature reached 78°C (Meek et al., 2000) . Cooked breast meat samples were cooled in running tap water for 1 h and then cooked samples were reweighed. Cooking loss (%) was estimated by means of percentage of weight loss of the cooked meat sample to initial meat sample weight.
Warner-Bratzler Shear Force Measurement
Cooked breast meat samples that were used for cooking loss determination were used to determine shear force value. At least 3 subsamples were removed with a cross section of 1 × 1 cm and cut parallel to the muscle fibers from each cooked sample. An Instron Universal Testing Machine (model 3343, Instron corp., Norwood, MA) equipped with a Warner-Bratzler shear force apparatus was used to determine shear force values of subsamples. The average of the 3 subsamples was used as the shear force value for a sample (Tavárez et al., 2011) .
TBA Reactive Substance Analysis
Thiobarbituric acid reactive substances (TBARS) in thigh meat were determined by the method of Cherian Means within a column with no common superscripts differ significantly (P < 0.05).
1 Data are means of 5 pens of 6 broilers/pen. et al. (2002) . Approximately 2 g of minced muscle was added to 18 mL of 3.86% percloric acid in a test tube, then homogenized (IKA Ultra-Turrax T25, IKA Werke, Staufen, Germany) for 20 s at high speed. Fifty microliters of butylated hydroxyl anisole (4.5% butylated hydroxyl anisole in ethanol) was added to the sample and homogenate was filtered through a Whatman #1 filter paper. The filtrate was mixed with 2 mL of 20 mM TBA in distilled water and incubated in a boiling water bath for 30 min. After cooling at room temperature, the absorbance was measured at 531 nm against an appropriate blank (2 mL of 20 mM TBA solution and 2 mL of 3.86% perchloric acid). Oxidation products were quantified as malonaldehyde per kilogram of tissue.
Color Measurement
The L* (lightness), a* (redness), and b* (yellowness) values were measured on breast, thigh meat [time (t) = 0, 1, 2, and 5 d], and breast skin (t = 0 d) samples in triplicate using a Minolta Chroma Meter (model CR-400, Minolta Camera Co., Osaka, Japan) with illuminant D65 as the light source, 8-mm aperture size, and 2° observation angle. Areas were chosen that were free of any obvious blood-related defects such as bruises, hemorrhages, or full blood vessels. The bone side of the meat is used for the meat color determination to avoid discolorations of breast and thigh surface.
Statistical Analysis
Data were analyzed as a 2 × 3 factorial of fat type (NSS and SO) and 3 levels of fat inclusion (2, 4, or 6%) in a completely randomized design. Data from the experiment were analyzed using the GLM procedure of SAS software (SAS Institute, 2003) with the main effects of types of fat, and levels of fat and their interactions included in the model. The following model statement was used: Yijk = μ + Sourcei + Levelj + (Source × Level)ij + eijk, where Yijk = an individual observation; μ = the overall population mean; Sourcei = the fat source effect (i = 1 to 2); Levelj = the fat level effect (j = 1 to 3); (source × level)ij = the source × level interaction term; and eijk = random error associated with the experimental unit (k = 1 to 30). The differences among mean values were identified by the least squares means procedure. For each parameter assessed, pen was the experimental unit in both experiments. Statistical significance was established at P ≤ 0.05.
RESULTS AND DISCUSSION
pH
No interaction was found for breast meat pH values (Table 4) . At pH 15 , the pH of breast meat did not differ between broilers that were fed SO and the NSS diet. At pH 15 , pH did not differ in broiler breast meat among dietary fat levels. At 24 h, breast meat of birds fed on NSS diet had lower (P < 0.01) pH value than those fed on the SO diet. Level of fat significantly affected 24-h pH, with the 4%-fat-fed birds having a higher (P < 0.01) breast meat pH than the 2%-fat-fed birds. Alvarado et al. (2007) reported that low pH (<5.7) of meat after 24 h of storage is associated with poor meat quality. Although the pH of breast meat of birds fed on NSS diet is lower at 24 h compared with SO-fed birds, it is higher than the reported mean ultimate pH values of 5.7 and 5.76 for pale meat (Woelfel et al., 2002) . This reveals that the NSS feeding should have only a minor effect on broiler breast meat quality because ultimate pH for NSS breast meat is not below 5.7 in the current study. In the present study, an increase in ultimate breast meat pH (24 h) was observed with the increasing fat content. The increase in the breast meat pH with increasing dietary fat level could be due to a possible decrease in the glycogen content of the muscle. As was previously reported, final pH of the breast meat has been shown to be negatively related to the muscle glycogen stores at the time of death (Berri et al., 2005) . Furthermore, it has been indicated that the chicken breast muscle glycogen levels decreased with the increased muscle weight and yield (Berri et al., 2007) . In support of this theory, we also observed a significant increase in the breast yield with the increasing dietary fat levels in the current study (unpublished data) that would allow for decreased muscle glycogen level, which in turn lead to an increase in the muscle pH. Means within a column with no common superscripts differ significantly (P < 0.05).
1 Data are means of 5 pens of 6 broilers/pen. Means within a column with no common superscripts differ significantly (P < 0.05).
1 Data are means of 5 pens of 6 broilers/pen.
Cooking Loss and Shear Force
No interaction between levels of fat and source of fat were found, so the main effects of levels of fat or source were examined separately (Table 4) . Dietary fat source did not affect cooking loss and shear force in breast meat. However, cooking loss was reduced (P < 0.05) by increasing levels of dietary fat. This lower cooking loss in breast meat with the increasing fat content of the diets may be attributed to their different ultimate pH values. The lowest ultimate pH (24 h) value was found in breasts of birds fed on the lowest fat diet (2%) and this low ultimate pH of meat is known to negatively affect the water-holding capacity of the meat (Warris and Brown, 1987) . Although cooking loss decreased with the increasing levels of dietary fat, there were no significant differences between the dietary fat sources. No significant interactions or main effects were revealed for shear force values in the current study. This reveals that dietary fat from both sources up to 6% did not negatively affect tenderness.
TBARS
No significant effects of fat source, level, or interaction were observed on thigh meat TBARS after 48 h and 7 d of storage (Table 4 ). In the present study, NSS contained a high peroxide value of 21.20 mEq of O 2 / kg ( Table 1) that could contribute to a higher accumulation of malonaldehyde in the meat. Interestingly, the NSS feeding in the current study had no effect on the TBARS values of thigh meat at 2 and 7 d storage. However, there was a trend for TBARS to have a greater increase for 7 d for the NSS-fed treatment compared with the SO treatment. Avila-Ramos et al. (2012) found that cooked meat from broilers fed acidulated soybean oil soapstock was more susceptible to developing lipid oxidation at 9 d of storage compared with meat from crude soybean oil-fed birds. Avila-Ramos et al. (2012) linked their findings with the high peroxide value of the acidulated soybean soapstock. However, in the current study, it should be noted that the comparison was made between raw stored meat samples until d 7, and the soapstock source was neutralized sunflower.
Color
Results for L*, a*, b* for main effects and interactions for treatments (source of fat and level of fat) are presented in Tables 5, 6 , and 7. Breast meat color characteristics (L*, a*, b* values) were not affected by the dietary fat source on any of the measurement days (storage at 4°C for 0, 1, 2, and 5 d). The level of fat fed to the birds (2, 4, or 6%) had a significant effect on breast meat L* values on any of the measurement days: L* was reduced when the dietary levels of fat increased. Woelfel et al. (2002) reported that there was a relationship between L* value and muscle pH in which L* value increased as the muscle pH decreased in broiler breast fillets. Thus the higher L* value observed with the lowest dietary fat in the current study (2%) may have resulted from the lower pH of breast meat, which also resulted in higher cooking loss compared with the higher dietary fat treatments. Interactions were found between fat source and level for breast meat L* value on d 1 and 2: L* were significantly lower (P < 0.05) in breast meat of birds fed a 4% SO diet. Regarding the effect of fat level, breast meat of birds fed on the highest fat diet (6%) showed significantly higher a* values during the last 2 measurement days (d 2 and 5; P < 0.05 and P < 0.01). For breast meat a* value on d 5, there was a source × level interaction, with the a* values of breast meat from broilers fed 6% fat diets regardless of the source being higher than those fed other diets except the 2% NSS diet. Significant fat level effects were observed for breast meat b* values on all measurement days except d 5, indicating significantly lower b* values of broiler breast meat with higher levels of dietary fat. Higher b* in breast meat found in birds fed on low dietary fat could be attributed to low ultimate (24 h) pH values obtained in the same meat samples. According to Castellini et al. (2002) , low ultimate pH of meat reduces the green light absorption of myoglobin and results in meat that appears less red and more yellow, which could explain the more yellowness obtained in the breast meat of birds fed low-fat diets in the current study.
No interactions were found for broiler breast skin color characteristics. The source of fat fed to the birds had a significant effect (P < 0.01) on breast skin b* values: values with the diet containing SO resulting in greater yellowness than the diets containing NSS. The higher level of yellowness found in broiler breast skin of broilers fed SO diet may be due to their higher skin pigment levels such as xanthophylls compared with birds fed NSS diet. The level of fat fed to the birds had a significant effect on breast skin L* values similar to those observed for the breast meat: L* was reduced (P < 0.05) with increasing fat level.
No significant sources × level interactions were found for broiler thigh meat color. Significant fat source effects were observed for thigh meat L* values on all measurement days except d 5. Lower (P < 0.05) L* values in broiler thigh meat were observed for birds fed the SO diet compared with those fed the NSS diet. Overall, the L* values of breast and thigh meat in the current study were between 43.4 and 50.6 for overall treatment means. It has been shown that pale, soft, and exudative-like meat generally had an L* value close to 56 (Petracci et al., 2004) . In this regard, any results given in the current study on L* value of breast and thigh meat would not be perceived as an indicator of pale, soft, and exudative-like meat.
In conclusion, low ultimate (24 h) pH, high cooking loss levels, and higher L* values obtained with the lowest (2%) dietary fat level would be interpreted as detrimental for overall meat quality compared with the higher dietary fat levels in the current study. The re-sults of the current study also revealed that minimal differences exist in the meat quality parameters of birds fed NSS diets compared with birds fed SO diets. Overall, the data suggest that there is a potential for the use of NSS in broiler feeding up to a level of 6% to serve as a substitute for SO.
